Design of a steel dam by Pruitt, Forrest Allen
PRUJTT
Design of a Steel Darn
.,1V ii bngineenng
a s.
i o n 7
'•'vVJMVSl'TI
OF
s
UNIVERSITY OF ILLINOIS
LIBRARY
Class _ Book Volume
Je 07-10M
4-
f
"TP . ?*
x 4- ^
r
iH
*< «* # 4- 4r
* * f *
.
f f
4 *
- f *
4* # S*i I Hi
f | *

DESIGN
OF
A STEEL DAM
BY
FORREST ALLEN PKUITT
THESIS
FOR
DEGREE OF BACHELOR OF SCIENCE
IN
CI VI L ENGINEERING
COLLEGE OF ENGINEERING
UNIVERSITY OF ILLINOIS
PRESENTED JUNE, 1907

COLLEGE OF ENGINEERING
April 30, 1907.
This is to certify that the following thesis prepared under
the immediate direction of Professor P. 0. Dufour, Assistant Pro-
fessor of Structural Engineering, by
FORREST ALLEN PRUITT
entitled DESIGN OF A STEEL DAM
is accepted by me as fulfilling this part of the requirements for
the Degree of Bachelor of Science in Civil Engineering.
tf^s-^PrO^fe^r
Head of Department of Civil Engineering

1TABLE OF CONTENTS.
Page.
Introduction 2
I - Description of Waschusett Dam.
Art.l. Location ...4
Art. 2. Size 4
Art. 3. Foundation and material 5
II - Design of the Steel Dam.
Art. 4. Face of the dam . 5
Art .5 . Specifications. 6
Art.6. Computation of water loads for "bent No. 82..
6
Art. 7. Dead load.... , .....7
Art. 8. Design of tension -embers of bent No. 82... 12
Art. 9. » compression " " " " ..12
Art. 10. » I --beams M " w "...15
Art. 11. " " arched face-plate " " " "...16
Art. 12. " " masonery plates and abutments. .. 17
Art. 13. Computation of weights....... 17
III - Comparison of Cost..... 26
IV - Conclusion 27
Digitized by the Internet Archive
in 2013
http://archive.org/details/designofsteeldamOOprui
2INTRODUCTION.
In few, if any of the professions ,has greater process "been
made within the last quarter of a century than in that of engineer-
ing. Great railroad systems are being operated with an efficiency
that is marvelous; powerful electric plants are being installed
throughout the country ,making it possible to connect the small
towns by means of interurban lines; elevated and underground roads
are relieving the surface cars in the cities; mining and tunneling
is being done more rapidly and economically than ever before, and
even that greatest engineering task of modern times, the construct--
of the Panama Canal, is well under way.
While other branches of engineering have made such remark-
able strides in the way of advancement , that of water-supply eng-
ineering and irregation has by no means fallen behind. It is in this
branch of engineering that the dam, by means of its great water
storage capacity ,makes it possible to transform thousands of acres
of otherwise desert waste into the most fertile of fields, and at
the same time to furnish the near-by city with an abundant water
supply.
The function of a dam is to prevent the passage of water,
and to this end it must have an impervious body, and this must be
safely supported.
It is only within the last few years that engineers have

3s=gge considered structural steel as a safe and economical material
with whic . to construct dams. The subject was first considered to a
limited extent , "both in Europe and this country, as early as 1890.
The first plans and estimates of this nature made in this country
were for a proposed dam across the Santa Ana River, San Bernardino
Co. ,Cal. These plans v/ere made and afterwards patented by E. H. Bra-
inbridge ,Principal Assistant En5ineer,C. & N. Ky. , Chicago ,111.
Soon afterwards this project was favorably reported on by a com-
mission of engineers , but the dam was never built. A very interest-
ing description of these plans and estimates is given by Mr. Brain-
bridge in Engineering News- -Vol.54
,
p. 323.
As far as is known to the writer, there is but one fixed met -
allic dam in existance. This dam is known as the"Ash Eork"dam, and
was completed in Eeb.1898 at Ash Eork ,Arizona. There is another
lam which might be classed as a steel dam; hov/ever it is not entire-
ly of steel construction. This dam is known as the "Kedridge" dam,
located at Redridge ,Mich. ".Vhile it is not a purely steel daro,it Is
worthy of note since it is the first gravity dam of combined con-
crete and steel construction in existance. A description of this
dam with a full page of illustrations is given in Engineering llews-
Vol.46,p.l01.
In order to facilitate the comparison of the cost of a steel
versus masonery dam, it is thought ^est to choose some masonery dam
now in existance, and to compare its actual cost with the estimated

4cost of the steel dam designed to replace it.
As a matter of convenience the subject will "be treated under
the following heads; 1-Description of the masonery dam/ 2*Design of
the steel dam, 3-A comparison of their costs, and 4-3rom the results
obtained a conclusion , as to the advisability of constructing steel
dams,will be drawn.
I -DESCRIPTION OF THE MASOKEKY DAM.
Art . 1. Location.
The Wachusett Dam, choosen for this work, is situated across
the narrow rock gorge of the Nashua Kiver about half a mile up
stream from the thickly settled part of Clinton, Mass.
At the selected location the gorge is from 90 to 135 ft.
wide at an elevation 40 ft. above the lowest part of the rock sur-
face,while at full reservoir level , elevation 395 ft. above Poston
City Base(average mean low tide) ,the distance across the valley is
about 1300 ft.
Art. 2. Size.
The main dam is about 850 ft. long between the terminal
structures. At the deepest part of the gorge it is about 200 ft. in
height above the excavated rock foundation ,which is about 175 ft
thick at this point. The extreme thickness at the top is 25 ft.
9 in. ,and the least thickness under coping, 22 ft. 6 in. , at an elev-

Plate
Map of Site of Wachusett Dam.
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ation 9 ft. below the top. Plate III jives the principal dimensions
of a cross-section of the darn at the deepest part of the valley,
T'le dam terminates in a circular "bastion at its northeast end, and
in a semi -circular abutment at its southeast end. Pro-: the bastion
the waste weir extends up stream about 350 ft. , and is at an angle
of about 60 degrees with the line of the dam.
Art. 3. Foundation and Material*
Excepting the exposed faces, the dam is "^uilt of rubble mas-
onery of large granite blocks. The foundation consists of solid
rock, a section of which, taken 10 ft. in front of the water face of
t le dam is shown in Plate IV.
II DESIGN OP THE STEEL DAM.
Art. 4. Pace of Dam.
There is but one way in which a steel dam may resist the
thrust of the water,vis. ,by the truss action of its members. The
horizontal thrust of the water may be held in equilibrium by the
reaction of the steel against the abutments, or by the resistance of
the structure to overturning. It is therefore a pure gravity dam,
and the question is raised as to which side of the dam shall be de-
signed to be in immediate contact with the body of water. If bent
No. 50, Pi.VII had been designed with the water against members
(l-14)y , these members would have been in tension and an enormous
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6pressure would have been concentrated at the toe of the bent. Since
it would "be almost impossible to connect the member 14
-y with the
rock below in such a manner as to permit it to take tension, it is
thought best to consider the water as acting on the hypotenuse of
the triangular bent.
Art. 5. Specifications.
Throughout this design Cooper's General Specifications for
Steel Railroad Bridges and Viaducts , 1901 edition, will be used. The
Carnegie Steel Company's Pocket Companion will be used in most of
the design; although some of the built-up sections will be taken
from Godfrey's Tables.
Art. 6. Computation of Water- loads foi Bent No. 82.
In calculating these loads, Table I,the weight of the water
was considered as concentrated at the several ooints.X - X .etc.,
'12' '
PI. VIII. The head on each j oint was determined , an I this head mul-
tiplied by the distance center to center of the bents in inc les and
a_ain by 0.434, the pressure of one ft. head on one s^. in. of sub-
merged surface. Table I gives the tabulated water loads for all the
.joints of bent No. 82.
After these loads had been calculated , the bent was laid out
to a scale of five feet to the inch and t :e truss work arranged as
s:own,Pl.VI. The several stresses were determined by graphic
statics. The stress diagram was drawn to a scale of 100,000 lb. to
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7the inch. This diagram, as well as the bent itself , was afterward re-
duced to the size shown in Pi. VIII.
In like manner, the water loads and the stresses caused "by
their were determined for each "bent, and are shown in Tables II to V
inclusive
, and Pi. VII to XI inclusive.
Art. 7. Dead Load.
After the stresses due to water load had been determined
in Bent Bo. 82, a preliminary design was made and from this design
the weight of the bent was calculated. This weight was . distributed
among the several members approximately as it would actually exist,
and the stress due to dead load determined in the same manner as
were those due to water load. A second design was then made for the
combined effect of the dead and water loads. Prom this design it
was found that the sections varied from one to one andoae-half per
cent from the preliminary design.
Since the time allotted to this work was entirely too short
for all this preliminary work
4
each section was designed about two
per cent heavier than the stress due to water load required, and in
this way the stresses due to dead load cared for.

8Table-I
Water Loads for Bent Ho. 82.
Distance c.to c.bents--6 ft.3in.
Mead— 115 ft.
Joint Head
in ft.
Lb./sq.
per ft.
lie ad
in.
of
Distance
c.to c. bents
in in.
No.
in
of lin.
for load.
Load in lb.
X -
1
*2 O.G 0.434 75 u
V x3 3.5 it ti 141 17 100 u
V X4 12.5 11 11 162 66 000
X.i -4 ^5 23.
11 11 163.5 123 000
x5" 32.0 11 ti 138 144 000
xG
- X7 39.5 11 11 13^ • 5 173 000
x7
- 48.0 11 11 134.5 210 000
Xq- X9 55.0 11 ti 131.2 236 000
Xg- X1C 63.5 11 11 132 273 000
Xio Xn 71.3 11 11 132 307 000
J- _L
X12 11 11 000
x12 X1G 86 •
11 11 oO -t UvJU
x13 *L4
11 11 120 366 000
Xl- X15100.7
11 11 120 394 000
X15 Xie106.0 11 11 120 407 000
X^ Xl?115.0 11 60 225 000
Water load doubled at this joint to allow for
wave action.

9Table II.
Water Loads for Bent No. 50.
Distance c.to c. bent
s
lead—lVO ft.
--6 ft. 3 in.
Joint. Head in
ft.
Lb./sq.in.
per ft. of
head*
Di stance
c. toe. bents
in, in.
No. fo lin.
in. for load.
Load in lb.
Xl X2 0.434
r> r u U
V
*2 % 3.5 n ii 141 ~\ n i nn1/ 1JU
X3 354 12.5
H it 16 t o o uuu
Xl 36
|| ii T C Q Rloo. i nnnJ_ ,0 UVJW
*5 *3 3 2.0
II ii 1 QAloo 1 44 nnn
*S 39.5
t| ii TO/ RlO-±. l7q 000l i o uyy
% 4o. || ii io y 9i a nnn
% % R R R00.0 II ti T A A or,,", nnn
/" R Pi60 . U II ti -LO _L opo 000
XiO 73. ||
ti LO L Q^o 000
Xll
DO RO ^.0 II tt "IRQ10 o ai i nnn
*L2 *La y 1 . 'J
II ti 1 4A R 441 000
-13 99.5 tl
ti 1'tO . *i f 'v V/vv
\A :15 108 .
5
1
(
142.5 505 000
X15 ft
Tin /*»11 / . u || ti loy . o koq nnnOOO uuu
*7
-i <~\ r~" _125 • o || ti LOO . O RR£ OOO
x17 18
TOO /"\loo. || tt -i o o Rloo • D piio nnn1 V uuu
Xlo J. y 1^0.
|| ti 1 OA RloU . rq*7 nnnO f uuu
x19 %0 148.0
It ti
1<5 r .
£nc nnn
^20 X21 156.0
II ti 124.5 633 000
-21 Xoo 163.0 II ti 121.5 645 000
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Table III.
Water Loads for Ben: No. 28.
Distance c.to c. bents --8 ft. 3 in.
Head—80 ft.
Joint
.
Lb./sq. in. Distance c.to c. No. of lin. He ad Load
per ft. of bents in in. in. for load. in ft. in lb.
head.
Xl - X 2 0.434 99
X2 " X3 n
tt 141 3.5 21 OOOU
x3 " X4
t» it 162 12.5 87 100
x4 - x5
tt it 163.5 23.0 162 000
X5 " x6
it it 123.5 32.0 171 000
X
o "
X
7
!» tt 10 .7 37.5 169 000
X
7 -
X
8
tl it 120.8 44.7 232 000
X8 - Xg tt tt 120 51.9 268 000
Xg - X lQ
It it 120 58.9 304 000
x io- x ii
It it 120 65.9 340 000
X H" X 12
!t it 60 72.9 376 000
X 12-X, . II 80.0 207 000
u Note:- This load is doubled for effect
of wave action.
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Table IV.
Aater Loads for Pent Ho. 18.
Distance c.to c.bents--8 ft.S in.
Head--50 ft.
Joint
.
Head in
ft.
Lb . / i . i n
.
per ft. of
he ad
.
T) ^ ^ "h *n c p
c.to c. bents
in in.
XTo nf Tin
in. for load.
in 1 >J. X X J_ .'.
A 0.434 99
% o 3.5 t! 141 21 000*
X X 12.5 tl 163.5 87 100
\ 23.0 (1 136.8 135 oOO
o
27.8 It 109.8 131 000
36.0 It 120 185 500
42.8 tl 120 221 000
% - y9 50.0 tl 60 129 000
.
Table V.
Water Loads for Bent 2To.6.
Distance c to c.bents—10 ft.O in.
Head --30 ft.
Toint. He ad 5 n
ft.
Lb./sq. in.
per ft. of
head.
Distance
c.to c. bents
in in.
No. of lin.
in. for load.
Load in lb.
-% 0.434 120
% -\ 3.5 tt ti 141 25 800"
-Xl 12.5 tt tt 117.8 75 000
-35 17.5 tt it 88.5 80 700
-X
o
23.0 tt it 104.8 125 800
X.
o
-*7 30.0
» Note:
it
- This load
tt
ioubled to car 1
60
? for wave act:
94
.on.
000
*
12
Art. 3. Design of Tension Members of Bent No. 82.
In the design of the tension members the specifications al-
low a unit stress of 20 000 lb. per sq.in.net section for dead load.
Since the water load acts in a manner similar to that of a dead laod
this unit stress will be used. Medium steel and 7/8in. rivets will
be used throughout the structure. An allowable shearing stress of
9 000 lb. per sq.in.,and a bearing stress of 15 000 lb. per sq.in.
will determine the number of rivets to be used in the connections.
Table VI. ,p.l3 gives the design of the tension members of
Pent No. 82. The tension members of the other bents were designed
in like manner but are not shown in the computations.
Art. 9. Design of Compression Members of Bent No. 82.
In the design of the compression members the allowable unit
strain ,P ,will be determined from the formula- P= 13 000-801/ r , where
Be unit strain,L=length of member in inches, and r^least radius of
jft'
gyration of the member. No member is designed so as to have a
length greater than one hundred times its least radius of gyration.
In the design of all built-up members , sections have been
choosen with at least one side latticed so that painting on the in-
ner side of the members may be facilitated. Table VII gives the des-
ign of the compression members in bent No. 82. All compression mem-
bers of the other bents are designed in a like manner, but the re-
sults are not tabulated.

13
Table VI.
Tension Members
for .
Bent No. 82.
Mem-
ber.
Loa- Unit
Str.
Net Area
Eeq .in
Sq.in.
Section
Used.
Actus
1
Net Area.
2-3 24 000 20 000 1.2 1 an ""1 e 3-1/2"x 3"x 3/8" 2.92
4-5 60 000 n 3.0 1 II 3-l/2 ,; x 3"x 5/8" 3.05
6-7 80 000 n 4.0 1 11 6"x 3-l/2"x 1/2" 4.00
6-9 173 000 ti 8.65 2 II 5"x 3"x 11/16" 8.68
8-9 269 000 ti 13.45 2 channels 9"x 25# 13.47
10-11 12JB 000 ii 6.15 1 an^le 6"x 4"x 3/4"
6.19
10-13 1 000 ii 0.05 1
ti 3-l/2"x 3"x 3/8" 2.92
12-13 138 000 it 6.9 1
ii 6"x 4"x 7/8" 7.o2
14-15 140 000 it 7.0 1 tt 6"x 6"x 11/16"'
7.69
16-17 151 000 ii 7.55 1
ii 6"x 6"x 3/4" 7.69
13-19 235 000 it 11.75 o
n 6"x 6"x 9/16" 11.72
20-21 246 000 it 12.30 2 6"x 4"x 3/4" 12.26
22-23 40C 000 ii 20.0 2 channels 12
M
x40-;> 12.50

14
Table VII.
Compression Members for Bent Ho. 82.
Mem- Load Unit Area Act. T©ngt 2: r r Sectton Used.
ber. Str .Req.o Area \ n 2.T. A 'j .
3— J 9A 000 1C 280 2.34 3.QC
O
• —O « 2 channe I " ' Q.
r
-0#
5 - y 70 000 12 500 5.60 5.88
on. O
.52 2 " 10"x 20#
a ity — v 194 000 10 250 18.90 30.73 768 ? . 68 7.93
1
4 ang. 3-1/2" 1 i-l/2"a
i
. 22" X 7/16"
1-2 34 000 12 400 2.54 .96 1J \J .50 2.14 2 B 3-l/2"x 3-l/2nxf
o - 4 84 000 10 400 8.24 8.32 c00 .00
O "1 2 1? 5"X 3"x 9/16"
5-6 240 000 10 700 22.40 25.64 474 4.74 5.18 4 55 6"x 4 M x: 11/16"
r> o
r - o 144 000 11 300 12.70 12.86 2.10 ^ • 5
ri 2 35 6"x 6"x 9/16"
9 -10 518 000 10 900 47 . 40 49.00 105 i 10 :t e 1 1 .99 ,4 I? 4"x 4"x 1/2"
2 pi. 34"x 1/2"
11-12 210 000 14 750 14.25 14.70 180
-
-.60 4.43 2 channels 12" x 25#
±O— J. 'i 480 000 13 900 34.60 35.00 372 5.72 7.23 ,4 if 4"x 4"x 3/8"
2 pi. 202x 3/8"
in T A±U- JL4 480 000 13 9CC 34.60 35.0C ion1 . ~» 1.72 7.28 4 Ls4"x 4"x 3/8"l
2 pi. 20" x 3/8"
15-16 000 IS 650 20 . 00 20. 5^ 414 1 1 A 4
.
2 channels 15 "x 35#
±4-1 l ie 000 10 500 1.00 14.70 'xOO 4 . 60 " 12"x 25#
__o — i f 610 000 13 700 57.00 58.00 L • kjC 5 .58 4 Ls 4"x 4"x 1/2"
{ 2 pi. 14"x 1/2"
19-20 338 000 16 200 20.80 20.58 1.8C 2.1 2 channels 15 "x 35
#
lo-<ol 9 000 11 400 0.79 4.60 of; 2 LS3-l/2"x 3"x 3/8"
21-22 526 000 ID JL (U 34.7- Li 1.8C 4 IP3"x 3"x 9/16"
^2 pi. 20" x 9/16"
18-23 252 000 15 640 16 . 10 17.6'A 372 O • * A 2 channels 12" x 30.,
.
-v 725 000 14 500 50.CC 50. c • O 9;-
//
4 Ls 3-1/2" x 3-l/2"x#
l
2 pi. 24"x 11/16"
24-25 416 000 14 000 29.70 30.7 372 3. r.
> r. r
j
:
(
4 L£ 3"x 3"x 7/16"
2 pi. 24"x 7/16"
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Art. 10. Design of I-beams for Bent No. 82.
These beams will be taken from Carnegie and the unit stress
will be 16 000 lb. instead of 20 000 lb. per sq.in.as Given by the
specifications. Considering the water loads as uniformly distributed
from .joint X I O-Xn
,
plate ¥111 on down to the concrete toe, it is
found that the greatest bending moment occurs at joint X14-X15.Th.is
moment then will determine the size of the beam, and is equal to
1/8WL = 394 000 xl0/8=3 940 000 ft. lb. By reference to the tables
it is found that 2-24"x 90# I-beams should be used. In order to
facilitate the naaHing of a water tight joint upon the I-beams a
cover plate 24"x 3/4" will be used as shown in Plate XIII.
Considering the water load scting as above it is found that
the maximum moment between joints X5-X7 and X^q-Xh occurs at joint
X3-X9 and is equal to 236 000 x 10.5/8=2 478 000 ft. lb. From the
tables, it is seen that l-24"x 100# I-beam is the lightest beam that
will withstand the moment. This beam together with a 2C" x 3/4"
cover plate will be used.
The design of the I-beam from joint X-l~X2 on down to joint
Xg-X.^ was made in a similar manner. l-24"x 85# beam with a 12"x 3/4"
plate will be used. Likewise the beams for the other bents were de-
signed, but the computations are not shown.

16
Art. 11. Design of Arched Face-Plate.
At joint X2o-X21-Bent No. 50, the head of water is about
156 ft. Then the unit stress per sq. in. on the face-plate would "be
156 x 0.434=68 lb. The length of the chord of the arc is equal to
6 ft. Sin. , the distance c.to c. bents,—2(10-11/16" \ , the distance
from the shoulder of the plate to the center of the middle beam, is
equal to 53-5/8 ".Then the shear on each linear inch of the plate
is 53-5/8"x 1 x 68/2-1825 lb. The allowable unit stress=9 000 lb./
sq.in. Then the thickness of the plate required»1825/9 000-0.23"
i
and the length of the arc =34/180 x4 x 4 x 120=114" and the area of
the sections 0.23 x 114=26.2 sq.in.
This is about the most ecomonical
radius of curvature to use. If the rad-
ius is made greater the length of the
section is decreased but the thickness
/#M^ S slightly increased and it also causes
a greater eccentric load on the I-beams.
If the radius is made less the thickness
of the plate is decreased but its length is also increased to such
an extent that the area of the section is greater • Therefore this
radius will be used, but 3/8" instead of i/4" plate will be used to
allow for rust.

-1
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Art. 12. Design of Masonery Plates
and Concrete Abutments.
The design of the masonery plates is as follows :?rom Plate
VII it is seen that Ri=2 560 000 lb. Then allowing 600 lb. pre sq.in.
bearing on the masonery the required area of the plate=2 560 000/
600=4267 sq.in. A plate 48"x 8-0"x 1" will ne used.
In like manner; the plates for the other
two abutments of this bent as well as those
for the abutments of the other bents were de-
signed.
The concrete abutments are designed so
as to give ample room for the masonery plates as shown in Plate XIV.
Art. 13. Computation of Weights.
In the computation of "/eights the lengths of the several
members were scaled from the large drawings and the weight per foot
of each section taken from the hand-book. After the weights of bents
No. 50,82 ,28 ,18 ,6 ,had been computed each was respectively multiplied
by the corresponding number of bents of that size and the final
grand total found. The results of these computations are given in
Table IX, and the final summary of weights in Table X.
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Table- IX,
Computation of Weights for Bent NO. 50.
Member Section* Length
in ft.
Wt.per
ft.
Total
weight.
(l-9)-y
14
-y
1-2
4
2
4
2
o
angles 3-1/2" x 3-l/2"x 9/16"
pi. 11" x 9/16"
angles 5"x 5"x 1/2"
pi. 32"x 1/2"
angles 3-l/2"x 3-l/2"x 3/8"
88.5
86.5
12.5
91.5
173.5
15.8
8 100
15 000
198
2- 3
3- 4
1
2
" 3-l/2"x 3"x 3/8"
" 5"x 3"x 9/16"
18.0
25.3
7.9
28.6
142
y 372
* 730
4-5 1 " 5"x 3"x 1/2" 29.0 12.8 3 440
5-7 4 " 6"x 4"xll/l6" 39.5 87.2 299
7-6 1 5"x 3-l/2"x 1/2" 22.0 13. C 780
6-8 2 " 6"x 6"x 9/16" 17.8 43.8 872
7-9 2 " 5"x 3"x 11/16" 25.5 34 .
2
1 090
8-9 2 " 6"x 6"x 13/16" 20.5 53.0 11 700
9 -10
10-11
4
2
2
" 4"x 4"x 3/4"
pi. 22" x 3/4"
angles 6"x 6"x 13/16"
63.0
32.5
186.0
62.0
2 080
1 820
11-12 4 z-bars 6"x 3/8" 25.0 72,7 1 635
12-13 4 z-bars 6"x 3/8" 22.5 72,7 4 185
10-14 2 channels 15 "x 45# 46.5 90,0 2 600
13-14 2 " 15 "x 50# 26,0 100.0 35 000
14-15
15- 16
4
2
angles 5"x 5"x 3/4"
pi. 36 "x 3/4"
channels 8"x 21.25#
126.5
40.5
273.0
42.5
1 720
3 220
16-17
1 7-1 P
4
2
4
angles 4»x 4"x 3/8"
pl.22"x 3/8"
angles 4"x 4"x 1/2"
pi. S6"x 1/2"
34.0
32.0
95.0
173.5
/ 5 550
2 102 703

Table IX-Continued.
Member, Section.
2 channels 15 " x 35#
2 armies S Mx 3»x 9/16"
2 pi. 24M x Vl6"
2 channels 8 Mx 21.25#
2 angles 6"x 6"x 1/2"
2 pi. 302x 1/2"
2 channels 15 "x 45#
2 " 7"x 14.75#
2 angles 5"x 3"x 9/16"
4 " 4"x 4"x 3/8"
2 pi. 3C" c 3/8"
2 channels 12"x 40#
4 angles 3-l/2"x 3-1/2
2 pi. 24 "x 7/16"
2 channels 15 "x 33#
2 " 4"x 7.50#
4 angles 6"x 6"x 1/2"
2 pi. 32"x 1/2"
4 angles 6"x 6"x 1/2"
2 pi. 32"x 1/2"
4 z-bars 6"x 1/2"
8 angles 6"x 6"x 1/4"
2 pi. S6"x 3/4"
2 channels 9"x 25#
Length
In ft.
Wt .per
ft.
Total
weight.
18-19
19- 20
20-21
pi _.oo
e-a J_— f-~t
22—23
21-18
23-13
23- 24
24-25
25- 26
26-27
24-° 7
27- 28
28- 29
29-30
24-30
29-31
31-32
32-33
33-34
34-35
33-39
4 angles S-l/2"x 3-1/2
2 channels 10"x 35-;
4 angles 4"x 4"x 5/8"
2 pi. 34 "x 5/8"
4 angles 4"x 4"x 1/2"
2 pi. 32"x 1/2"
2 angles 5"x 4»x 5/8"
^8T5 31.0
31.0
58.0
59.0
31.5
32.0
87.5
19.0
14.5
: 7/16" 18.5
18.0
28.0
30.0
33.0
64.0
19.5
16.0
x 9/16"
31.3
32.5
18.5
O I-
70.0
143.0
42.3
160.5
90.0
29.5
28.6
115
.
U
80.0
11C.
5
66.0
15.0
187.0
167.0
97.8
413 .
6
50.
45.6
90.0
236 .
160.0
35.6
2 170
4 060
1 310
10 500
5 310
930
930
10 100
1 520
1 600
1 240
270
5 240
5 610
3 220
26 400
975
730
1 347
7 480
5 200
660

Table IX-Continued.
Member. Section. Length
In ft
Wt .per
"ft.
Total weight
Intermediate
"bracing.
I-beams
Arched
face-t>late
Lateral
bracing.
2 angles 5"x 4"x 1/2"
3-24 "x 90#
1 pi. 20"x 3/4"
2-24"x 100#
1 pi. 24"x 3/4"
2-24"x 85#
1 pi. 16"x 3/4"
l-24"x 80#
1 pi. 12"X 3/4"
128"x 3/8"
128"x 1/4"
239.0
87.0
36.8
61.3
62.5
123.8
123.8
29.0
321.0
261.0
216.6
110.6
163.2
108.8
6 950
28 000
9 600
12 350
6 900
20 200
13 450
97 95U
94 632
102 703
Weight of one bent
m ii 33 ii
( 4 * « J J
3-l/2"x 3"x 3/8" 14 000
Total weight for bents 34-66
7.9
. 295 285
9 774 305
110 600
9 884 905 lb
- y
J'
- y
- 2
- 3
- 4
- 5
- 6
- 7
Eent flo.82.
2 channels 6"x 10. 5#
2 " 10"x 20#
4 angles 3-l/2"x 3-l/2"x 7/
2 pi. 22"x 7/16"
2 angles 3-l/2"x 3-l/?"x 3/8"
1 " 3-l/2"x 3-l/2"x 3/8"
2
1
4
1
" 5"x 3"x 9/16"
" 3-l/2"x 3"x 5/8"
ii 6"x 4"x 11/16"
6"x 3-l/2"x 1/2"
35.5 21.0
21.0 40.0
"64.0 104.5
12.5 17.0
17.5 8.5
25.0 28.6
29,0 12.5
40.0
22.0
745
340
6 680
213
149
715
348
3 228
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Table IX-Continued.
S i ition. Length Wt .per Total Weight.
in ft. it .
7-8 o 6"-: ~" ; 9/16" 19.0 43.8 8-32
6-9 2 5"x 3"x 11/16" 24.0 34.2 815
8-9 2 channels 9"x 25
#
22.0 50.0 X "i no
9 -10 4 angles 4"x 4"x 1/2" 88.0 167.0 14
10-11
o
2
pi. 34"x 1/2"
angles 6"x 4"x 3/4" 18.5 23.6 440
11 -12 channels 12" x 25# 15.0 50.0 750
12-13 i angles C"x 4".. 7/8" 19.0 27 . 2 517
13-10 1 20.0 7.9 158
13-14 4 angles 4".: 4"x 3/8M 21.0 90.0 1 8vO
10-
o
4
pi. 20";: 3/8"
angles 4"x 4"x 3/L" " 54.0 90.0 4 ooU
14-15
o
—I
pi. 20" x 3/8"
angles 6 ttx C"x ih/Iq" 32.5 26.5 ooO
15-16 Channels 15 "x 35# 31.0 70.0 o(
—
> 170
16-17 angle 6 Mx 6 ttx 3/4" 32.5 23.7 y :4
17
-ia 4 angles 4"x JBx 1/2" 64.0 93.6
/*
•300
18-19
2
o
pi* 14 Mx 1/2"
angles 6"x C»x 9/16" 15.5 43.8 OlO
14-17 o cjlmnnels 1 iMx 25# 29.5 50.0 I 4 (0
19-20 2 " 15"x 35 7^ 11.0 70.0 770
20-21 2 angles 6"x 4"x 3/4" 15.0 47 .
2
706
21-22 4 angles 3"x 3"x 9/16" 21.0 118.0 2 480
21-
o pi. 20" x 9/16"
15.0 60.0 900
22-23 o
cnanneis ± j x ou^f
" 12" x 40# 24.0 80.0 1 920
18-23 o " 12 "x 30# 15.5 60.0 930

Table IX-Continued.
ber. Section. Length Wt.pei Tot al
in ft
.
ft. • ei ght.
23-24 4 angles 3-l/2 Mx 3-l/2"x 11/16" 31.0 171.0 5 300
2 pi. 24"x 11/16"
24- OR angles 3Mx 3"x 7/16" 33.0 104 .
5
450
2 pi. 24 Hx 7/16"
200I -"beams 2-•24"x 90# 63.0 241.2 15
1 pi. 24" x 3/4"
it
• 24 "x 100# 44.4 151.0 6 700
1 pl. 20" x 3/4 11
ti 1-24"x 85# 62.5 115.6 7 230
pl. 12" x 3/4"
570Internee late 2 angles 5"x 4"x 1/2" 1 RR 4
bracing '•
850Arched 128 wx 3/8" 84.9 163.2 13
Fac e pig .te
128"x 1/4" 84.9 108.8 9: 200
Total fc r one b< 945
it it 31 ti 3 973 295
Lateral
bracing 1 angle 3-1/2" x 3"x 3/8" S ' 935.0 7.9 78 500
Total weight foi d en l. s t;0"?0 • A ORl 79^ 1 "h
Pent No. 28.
3 - xrJ 2 channels 6"x 10.50# oo • u ni PiisJu • l>
5 - y 2 8"x 16.25-// 2^.0
9 - y 2 " 12"x 35# on
rj2y • / r U. U o
1 - 2 2 angles 3-l/?"x 3"x 3/8" "I O K1 2 . 10 • o
2 - 3 1 " 3-1/2" x 3"x 3/8" i o c1 UO 7 Q JLOO
3 - 4 2 channels 8"x 18.75- 25 . OO now
4 - 5 2 angles 3-l/2"x 3 M x 3/8" TC Q.LO . o /LAD
5 - 6 2 channels 15 "x 40# 39.0 80.0 3 120
6 - 7 2 angles 3-l/2"x 3"x 3/8" 22.0 15.8 339
7 -• 3 2 channels 10" x 25# 18.5 50.0 925

Table IX-Continued.
Member. Section. Length Wt. per
ft.
Total weight.
6-9
|8-9
9 -10
10-11
11-12
10-13
12-13
12-14
IL4-15
[-"bean
2 angle.3 6"x 3-1/2" x 5/8"
2 " 6"x 6"x 3/4"
4 " 4"x 4»x 1/2"
2 pi. 20" x 1/2"
2 channels 12" x 35#
J? 15 "x 40#
4 angles 3-l/2"x 3"x 9/16"
2 pi. 22" x 9/16"
2 channels 13.75#
2 " 15"x 40#
2 " 15 "x 50;^
2-20"x 100#
1 pi. 16 "x S/4"
l-20"x 95#
1 pi. 16"x 3/4"
l-20"x 85#
1 pi. 16"x 3/4"
Lnte mediate 2 angles 4"x 4"x 3/3"
"bracii'
Arched
face-}plate
115 "x 3/8"
115 "x 1/4"
Weight for
24.0
21.0
60.0
26.5
28.5
36.0
20.5
26.5
28.5
50,0
30.8
39.5
37.0
60.1
60.1
one "bent
30
Lateral
loracin 2 angles 4"x 4"x 3/8" 6
Total for "bents
325
22-34
^98-116
37.8
57.4
119.0
70.0
80.0
133.5
27.5
30.0
100.0
240.8
135.8
125.3
19.6
146 .
6
97.3
19.6
908
1 205
7 140
1 855
2 280
'±80
564
2 120
2 850
12 o<;o
4 160
4 969.1'
775
7 800
5 870
53 546
759 380
124 000
1 883 380 lb.
Bent
- y
- y
2 channels 6"x 10. 5#
2 " 8"x 16.25#
2 anrles 3-l/2"x 3"x 3/8"
No. 18.
21.0
12.5
21.0
32.5
12.8
715
684
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Table IX-Continued.
,
Member. Section. Le
in ft.
Wt . p e r
ft.
Total weight.
2-3 1 angle 3-l/2"x 3"x 3/8" 17.5 7.9 138
3-4 2 channels 8"x 18.75# 25.0 37.5 936
4-5 2 angles 3-l/2"x 3 wx 3/8 28.5 15.8 448
5-6 2 channels 7"x 12,25# 39.0 24 .
5
955
6-7 2 angles 3-l/2"x 3" t 7/16" 12.5 18. 2 223
7-8 2 channel 8 Hx 13.75# 9.0 27 . 243
8-9 2 angles 3-l/2Hx 3"x 71/6' 13.5 18.2 246
6-9 2 channels 5 Mx 11.50#
1 >' " //II
15.0 23.0 345
9 -10
I-beams
it
nt ermeci
b i ac ing
Arched
face-pi
1-20"x 100#
1 pi. 16 "x 3/4"
1-20"x 65#
1 pi. 16 Mx 3/4"
Late 2 angles 3-1/2"x 3"
•
115 "x 3/8"
?.t 6
c
38.9
38.8
34.
3/8"
38.9
38,8
120/4
105 .
4
15.8
146. 6
97.6
4 680
4 100
537
570
379
115"-; 1/4" Total for one . 15 402
bracing
tt
. 2 angles 3-l/2"x 3"x 3/8"
" 12
1 650
»i
. . . m • v •
7.9
.184 8^4
13 000
Total t'or bents 10-22 197 824 lb.
Bent r o . 6
.
/ 840/ 1973 - y 2 channels 7"x 12.25# 35.0 24.5
1-2 2 angles 3-l/2"x 3"x 3/8 ii 12.5 15.3 138
2-3 2 " 3-l/2"x 3"x 3/8 it 17.5 7.9 1 000
3-4 2 channels lOSx 20# 25 . 40.0 780
4-5 2 " 9"x 15.;^ 26.3 30.0 2 260
I-beams 1-15 "x 42#
1 pi. 12" x 3/4"
49.5 57.3
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Table IX-Continued.
Member. Section. Length
in ft.
Wt. per
ft.
Total weight.
Arche
u
face -plat
Lateral
bracing.
140"x 1/4"
e
1 angle 3-1/2" x 3"x 3/1
Total fo:
49.5
Total for or
" " IS
$" 960
r bents 0-1C
118.9
e bent .
.
ii
4
7.9
1 9 • * X * "
4 690
. .
9 905
. .118 860
7 600
. 126 460 lb.
Table X.
Summary of Weight.
384 905 lb.
66 — 93 »•••••»•••«•«•^ 4 051 795 n
883 380
197 324 ti
.126 460
Add 20^ for details and
jrasonery plates
16
3
144
228
364
873
N
II
19 373 237 H
Grand total weight of steel . . ..9 686.6 tons.

Ill CO]£PABISON OF COST.
Masonery Dam. The contract for the construction of the Wachusett
Dam was let to Mc. Arthur Brothers Co. , of Chicago, as lowest bidder
for a consideration of $1 603 633. (Engineering News Vol. 44
, p. 22]).
Steel Dam. The amount of steel required for the construction of
the dam is 9 686.6 tons. At present prices it would "be a fair
estimate to assume the average cost of steel at 4-1/4- cents per l"b.
This price to include the structure completed and painted with
good graphite paint. Then the cost of steel in the dam is 9 686.6
x 2 OOOx 4-1/4 cents » $823 361. From Plate III it is seen that all
of the earth and about half of the rock that was taken out for the
existing masonery dam will necessarily have to be excavated for the
steel dam. Figuring this excavation at the contract price as given
in the supplement of Engineering News ,0c t. 4, 1900, we find that it
would cost approximately $150 000. Taking the contract price of
1-3-6 Portland concrete at $4.50 per cu.yd. ,a3 bid by Mc. Arthur
Brothers Co. ,it is estimated that the concrete toe along the face
of the dam together with, the concrete abutments would cost about
$108 000.
Summing up the above values the total cost of the steel
dam would be $1 081 361 ,economi ^ing over the actual cost of the
masonery dam to the amount of $522 372.
This amount is probably the minimum difference in cost of
the two dams since the price of steel in 1900 was considerable
cheaper than present prices* The economic efficiency of the steel

dam appears in this case ,to be 1 603 633/1 081 361- 1.482. 27
IV CONCLUSION.
It is usually assumed by those who are uninfo rimed , that
stone structures subject to the action of air , water , and frost will
last indefinately. As a matter of fact only a small percentage of
the stone which is accessible is at all fit for use in structures,
and even in the best quarries, the inferior stone which must be
wasted or used for riprap, often amounts to 50 per cent or more of
the stone quarried* In a dam , especially in cold climates , stone is
subject to the most trying conditions , and untried stone should be
used only with the greatest caution.
So far as our present experience goes ,Portland cement con-
crete for dams appears to be a safer material ,but it must be re-
membered that setting in airA contract s in volume, and in large
masses cracks are almost certain to result. For this reason concrete
for large masses must first be cast in blocks and set in mortar
joints after being dried out. Quite a number of low dams have been
built of reinforced concrete which seems to be a very good material
for this form of structure ; but questions of economy limit the use
of steel to high dams ,and it was for this reason that a high dam
was choosen for the comparison.
While stone work, in common acceptance , has an undeserved
reputation for permanence and stability , steel has an equal undeser-
ved reputation for deterioration. The reason for this is plain.

Opportunities for observing the weathering of steel are most freq-
uent in large cities where the air is laden with sulphuric and car-
bonic acid gases. Iron , water , and rust, are usually looked upon as
necessary sequences ; "but observations on stand-pipes and dams built
of steel show, that reasonably pure water alone has little effect in
corroding steel, and that under water a good paint is a first class
protection.
In view of the fact that stone masonery dams are credited
with undeserved qualities for permanence ,and that steel dams are
credited with undeserved qualities of deterioration , and in the
light of the rigid comparison of cost, the writer would advocate the
use of steel as a very desirable material for the construction of
dams.
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